A paramagnetic dinuclear copper(II) complex, [Cu II (L -)Cl] 2 (1) while LH = (E)-1,2-diphenyl-2-(2-(pyridine-2-yl)hydrozono)ethanone, an analogue of mono-hydrazone cuprizone (L mcpz H 2 ), was isolated and substantiated by spectra, single crystal X-ray structure determination, unrestricted density functional theory ( 
Introduction
Mono-hydrazone cuprizone (L mcpz H 2 ) is a bioactive molecule with neurotoxic properties leading to spongiosis and is used as a drug to induce that in laboratory animals [1] [2] [3] [4] [5] [6] [7] . Cuprizone has a strong affinity towards the redox active copper ion but the origin of the bioactivity of it is not clear so far [8] [9] [10] . To analyze the electronic and structural features mimicking the copper cuprizone complex, copper parent osazone (PhNHN=CH-CH=NNHPh) complex was given attention. Reaction of osazone with copper(II) ion salt under argon in methanol affords a dark red precipitate which is unstable even in solid state and decomposes spontaneously at 298 K [11] . However, the reaction of benzil with 2-hydrazino pyridine in methanol in air yields a two electron paramagnetic dinuclear copper complex, (CuLCl) 2 , 1, of (E)-1,2-diphenyl-2-(2- 
-
In this article, synthesis, structure, spectra and the unrestricted DFT calculations on 1, cis/trans To a mixture of benzil (105 mg, 0.5 mmol) and 2-hydrazino pyridine (55 mg, 0.5 mmol) in a 100 mL round bottom flask, methanol (50 mL) was added and the reaction mixture was refluxed for 45 min (338 K). After cooling at room temperature (298 K), the solution mixture was filtered. To this solution anhydrous CuCl 2 (70 mg, 0.5 mmol) in methanol (~10 mL) was added carefully and the reaction mixture was allowed to evaporate slowly at 298 K. After a few days, a green crystalline solid of 1 separated out, which were filtered and dried in air and collected. , 6-31G(d, p) [22] as basis set were employed for the calculations. The percentage contribution of ligand and metal to the frontier orbitals of 1 and t-NO were calculated using GaussSum program package [23] . The sixty lowest singlet excitation energies on the optimized geometries of 1 in dichloromethane using CPCM model [24] were elucidated by TD DFT method. 
Results and discussion

Syntheses and characterization
The tridentate NNO-donor chelating agent, (E)-1, 2-diphenyl-2-(2-(pyridine-2-yl)hydrozno)ethanone (LH), was not pre-isolated. The reaction of benzyl and 2-hydrazinopyridine with anhydrous CuCl 2 in methanol affords 1 in a moderate yield (~51% with respect to copper). The composition of 1 was substantiated by mass, IR spectra and elemental analyses including the single crystal X-ray structure determination. Like copper-cuprizone complex with a lower energy absorption band at 609 nm, [8] 1 absorbs strongly at 527 nm. The electronic spectrum of 1 is shown in Fig. 1(a) and the spectral parameters are summarized in Table 2 . TD DFT calculations elucidated the origins of such transitions (vide infra). The dichloromethane solution of 1 is fluorescent at 295 K. The structured excitation and emission spectra are illustrated in Fig. 1(b) and emission parameters are summarized in Table 2 . The quantum yield was calculated with respect to anthracene. Single crystal X-ray structure determination confirmed the molecular geometry of 1 in crystals. It crystallizes in space group C2/c. The molecular structure with the atom numbering scheme is depicted in Fig. 2 and the relevant bond parameters are summarized in Table 3 . In 1, two CuCl 2 N 2 O coordination spheres with distorted trigonal bipyramid (tbp) geometries are equivalent. (2) 1.306 (2) 1.2949 N(3)−C (6) 1.335 (2) 1.3407 N(1)−C (5) 1.357 (2) 1.3618 N(2)−C (5) 1.389 (2) 1.3843 O(1)−C (13) 1.267 (2) 1.2717 C(6)−C (13) 1.442 (2) 
Magnetic susceptibility and the EPR spectroscopy
The temperature dependence of the magnetic susceptibility of 1 was studied at 3-300 K using a SQUID magnetometer (1 T external field). A temperature independent effective magnetic moment of 2.58 µ B was observed above 30 K (Fig. 3) . The data were modelled using the isotropic exchange
Hamiltonian, $ ex = -2JS 1 ·S 2 , where J is the isotropic exchange coupling constant and S 1 = S 2 = 1 / 2 for each Cu(II) d 9 ion. The best fit was obtained with a minute exchange coupling of J = -1.0(1) cm -1 (for g = 2.112) in 1 indicates the Cu(II) ions are very weakly coupled by virtue of their co-planarity.
This very small exchange coupling precludes assignment of the total spin ground state in 1, and therefore, J should be treated as an absolute value. The near degenerate singlet-triplet ground state in 1 makes it amenable to interrogation by EPR spectroscopy. The EPR signal of the allowed transitions (" M s = 1) was significantly broadened, however we observe a rather striking seven-line feature at half-field (160 mT) signal due to the forbidden •" M s = 2" transition of the triplet state generated by the weakly coupled Cu(II) ions in 1. Experimental and simulated X-band EPR spectra were depicted in Fig. 4 . The seminal work of Pilbrow and coworkers established the guidelines for interpreting such half-field signals [26] and we simulated the spectrum using g, A, J, and the inter-atomic Cu···Cu distance, r = 3.35 Å as determined by X-ray crystallography (vide supra). The simulation gave g = (2.121, 2.005, 2.004) and A = (171, 13, 13) × 10 -4 cm -1 for each Cu(II) ion, The line-shape and overall position was greatly improved by including an Euler angle, ¾ = 31°, that is defined as the angle between the inter-atomic Cu···Cu vector and the "z-axis" of the first site, though the exact reference to the coordinate frame was not known. With the extreme broadening of the allowed transitions for 1, we are unable to unambiguously vet the principle g and A-values, the mean g-value, 〈g〉 = 2.043 is in good agreement with the one derived from the magnetic data, g = 2.112. The J-value was fixed from the magnetic susceptibility fit as in this regime with J comparable to the microwave energy (0.3 cm -1 at X-band), the half-field signal is relatively insensitive to the precise value. On the whole, this spectrum is clearly diagnostic of two weakly coupled Cu(II) d 9 ions with a d x²-y² SOMO.
Electronic structures
The electronic structures of 1 and copper-cuprizone system were elucidated by unrestricted density functional theory (DFT) calculations on 1, and cis/trans isomers of 2 NO , 2 NN and 2
OO
. The gas phase geometry of 1 was optimized by unrestricted DFT calculations respectively with triplet (S = 1) and doublet (S = ½) spin states. Calculated bond parameters summarized in Table 3 
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The important outcome of these calculations was that the energies of À imine * orbitals of 1 as illustrated in Fig. 6 are higher (alpha À* orbital ∼362 kJ/mole and beta orbital ∼48 kJ/mole) than the corresponding Ã-antibonding orbitals those are composed of d x²-y² and a ligand group orbitals. In all cases, the SOMO is the Ã-antibonding orbital composed of d x²-y² and ligand and likewise the spin density is distributed over the copper ion (~50%) and ligand (~50%). Shifting of spin density to the ligand by this type of interaction makes the Cu(II) to Cu(III) transformation easier, which has enormous effect on structures and reactivities of these species. The experimental observations are:
(a) all these species tend to have square-planar geometry, the most favourable geometry of a d 8 ion
and (b) these species are reactive and unstable in solutions. All these features can be explained well by the formation of reactive Cu(III), a d 8 ion which is observed in copper-cuprizone chemistry [8] [9] [10] .
Occupied and unoccupied photoactive molecular orbitals (OPMO and UPMOs)
The electronic spectral features of copper cuprizone complex and 1 are very similar. Both species exhibit lower energy absorption bands above 500 nm. The origins of these bands were elucidated by TD DFT calculation on 1. Sixty lowest singlet excitation energies on the optimized geometries were calculated in dichloromethane using conductor-like polarisable continuum (CPCM) model.
Calculated energies, dominant contributions, and transitions types of these calculations were listed in Table 4 . The calculated spectrum that correlates well to the experimental spectrum recorded in CH 2 Cl 2 is illustrated in Fig. 7 . The calculations thus authenticated that the characteristic lower energy absorption is due to the transitions to the unoccupied ² -LUMO, and the ² -SOMO. The spin density thus is delocalized over the copper (48-51%) as well as on the coordinated N and O donor centers of the ligand (Fig. 9) . The feature defines the cuprizone as strong Ã-donor agent. It facilitates the ease removal of the electrons from the cuprizone complexes and augments the formation of diamagnetic Cu(III)-cuprizone complexes in air [8] [9] [10] . The study thus proclaims that coordination of cuprizone to the biologically available copper(II) ion irrespective of the binding mode results stronger reducing equivalent initiating the formation of reactive chemical species like superoxide/peroxide and copper(III) ion which are important sources of the toxic effects of cuprizone to the living systems.
Conclusion
An analogue of copper cuprizone complex, [CuLCl] 2 (1), with (E)-1,2-diphenyl-2-(2-(pyridine-2-yl)hydrozono)ethanone (LH), was isolated and substantiated by spectra, single crystal X-ray kJ/mole higher in energy than the corresponding NO-chelates. This result contradicts the formation or existence of so far reported NN-chelated copper cuprizone complex. Molecular orbital analyses revealed that the mixing of d x²-y² orbital with a ligand group Ã orbital of 1 and copper cuprizone shifts 48-50% spin density to the corresponding ligand backbone that make these species reducing agent in the living system.
